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We provided a gedanken experiment and argued that since observers inside a given Hubble volume 
could not detect the super horizon perturbation modes as real perturbations, these modes could 
only affect the average value of the cosmic microwave background (CMB), but not its anisotropy 
properties (CMBA) in that Hubble volume. 


In 0 , it is proposed that even in a totally matter filled 
universe, the accelerating expansion phase can be ob¬ 
served because observers in a given Hubble volume can¬ 
not detect the super-Hubble perturbations as real per¬ 
turbations, instead they could only detect them as time- 
dependent background in that Hubble volume. By this 
reasoning, when CMB is concerned, the super-horizon 
perturbation modes could only affect the average value 
but not the anisotropic properties of it. There is a vivid 
gedanken experiment helping us to understand this fact. 
Imagine that you were put on a closed ship in a lake 
which was waving, after a period of time, you will find 
that you were put in a un-flat environment. But if the 
wave which was hitting your ship had period longer than 
the time you had been in the ship, you would not find 
the environment was un-flat! 

From the aspects of statistic physics, CMBA jlj is just 
the manifestation of photon distribution’s deviation from 
exact Bose-Einstein formulaes, 
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Using Fourier expansion, 
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Mathematically, the range of integration in eq© is 
(—oo, oo). However, for perturbations with wave length 
greater than the current Hubble radius, observers inside 
the Hubble volume could not detect them as real pertur¬ 
bations, they can only look them as background. These 
perturbation modes may make the average temperature 
of CMB in one Hubble volume different from that in an¬ 
other, but they do not affect its anisotropy properties in 
a given Hubble volume. Appropriately, when calculat¬ 
ing the angular power spectrum of CMBA Hi , con¬ 
tributions from these perturbation modes should also be 
excluded, i.e., 
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where (fc) is the primordial power spectrum of pertur¬ 
bations produced during inflation, Q(t,k) describe the 
time evolution of this power spectrum. In FIG.l, we 



FIG. 1: The angular power spectrum of CMBA. The scat¬ 
tered point is the observational results of |2], the solid curve 
is the result of eq(©, the dotted curve is calculated without k 
cut-off in the integration, both curves are calculated by CMB- 
Fast4.5.1 fs] with the best fitting cosmic parameters of J2j] as 
input. The input amplitude of the primordial power spec¬ 
trum which gives the solid line is amplified to give the same 
maximum multi-pole moment as that of the dotted line. 


compared the angular power spectrum of CMBA calcu¬ 
lated from eq© and the usual zero cut-off case. From the 
figure we see that, imposing a cut off although may not 
definitely address the little l problem Q, it ameliorate the 
problem at least. In jg] we also expressed relevant ideals. 

Superficially, according to our gedanken experiment, 
to detect the un-uniformity of CMB at the scale of Hff 1 , 
we have to start our experiment as soon as the universe is 
born. But, in practice, what we would detect is the cor¬ 
relation < Q(t,x,pi) 0 (t,x,p- 2 ) > instead Q(t,x,p) itself. 
This makes it possible to detect the un-uniformity signal 
even in a few seconds! But the fact that photons carrying 
signals which will be used to uncover the super-horizon 
un-uniformity have not arrived our detector cannot be 
changed by techniques. 
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